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(54) PRODUCTION OF POLYHYDROXYCARBOXYLIC ACID 

(57)Abstract: 

PURPOSE: To synthesize a white polyhydroxycarboxylic acid free from an impurity 
and a high-molecular polyhydroxycarboxylic acid capable of producing a formed 
material such as a film or a yarn having a sufficient strength through a direct 
dehydration condesation reaction from a hydroxycarboxylic acid in a short time. 
CONSTITUTION: This is related to a method for production of a polyhydroxy- 
carboxylic acid having about >1 5000 weigh-average molecular weight by conducting a 
dehydration condensation reaction of a hydroxy-carboxylic acid or its oligomer in a 
reaction mixture containing an organic solvent substantially without using water. In 
this method for production of a polyhydroxycarboxylic acid, a tin catalyst is used and 
the reaction is conducted while keeping the oxidation state of tin to divalent during 
the reaction. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the polyhydroxy carboxylic acid characterized 
by carrying out carrying out the dehydration condensation reaction of 
hydroxycarboxylic acid or the oligomer of those in the reaction mixture containing an 
organic solvent, using a tin catalyst in the manufacture approach of a polyhydroxy 
carboxylic acid that weight average molecular weight is about 15,000 or more, and 
keeping the oxidization condition of the tin under reaction substantial to divalent 
under un-existing [ of water ]. 

[Claim 2] The manufacture approach according to claim 1 characterized by reacting 
under an inert gas ambient atmosphere. 

[Claim 3] The manufacture approach according to claim 1 characterized by inserting 
the additional organic solvent which removed some organic solvents [ at least ] from 
the reaction mixture, there were than the moisture content of the organic solvent 
removed, or had an equal moisture content in a reaction mixture. [ few ] 
[Claim 4] The manufacture approach according to claim 3 characterized by returning 
to a reaction mixture as an additional solvent after making the organic solvent 
removed from the reaction mixture contact a drying agent and removing moisture. 
[Claim 5] The manufacture approach according to claim 4 that a desiccating agent is 
molecular sieves, diphosphorus pentaoxide, or metal hydride. 

[Claim 6] The manufacture approach according to claim 3 that the moisture content 
of the organic solvent which carries out additional insertion at a reaction mixture is 50 
ppm or less. 

[Claim 7] The manufacture approach according to claim 3 characterized by for a 



reaction mixture removing moisture with azeotropy first, and then some organic 
solvents removing from a reaction mixture. 

[Claim 8] The manufacture approach according to claim 1 that an organic solvent is an 
ether system solvent. 

[Claim 9] The manufacture approach according to claim 7 that an ether system 
organic solvent is an anisole or a phenetole. 

[Claim 10] The manufacture approach according to claim 1 that an organic solvent is a 
diphenyl ether system solvent. 

[Claim 11] The manufacture approach according to claim 10 that a diphenyl ether 
system solvent is diphenyl ether. 

[Claim 12] The manufacture approach according to claim 1 that the boiling point of an 
organic solvent is 180 degrees C or more. 

[Claim 13] The polyhydroxy carboxylic acid obtained by the manufacture approach 
according to claim 1. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the approach of manufacturing a 
polyhydroxy carboxylic acid useful as a medical-application ingredient or a 
biodegradability polymer of a general-purpose resin alternative by direct dehydration 
condensation from hydroxycarboxylic acid. In hydroxycarboxylic acid, especially a 
lactic acid is widely distributed over a nature, to animals and plants and men and 
beasts, it is harmless, and the polylactic acid which is the polymerization object 
receives hydrolysis comparatively easily under existence of water, and it is observed 
as a polymer which can be used for the above-mentioned application from the place 
hydrolyzed and absorbed even in the living body. 
[0002] 

[Description of the Prior Art] The manufacture approach of the polyhydroxy 
carboxylic acid characterized by condensing hydroxycarboxylic acid or the oligomer of 
those under the nonexistence of water substantially among an organic solvent is 
******( ec |) by WO 93/12160. And although various catalysts are indicated in the 
manufacture approach and it is indicated that tin and a tin compound can be used, in 
order to obtain the polyhydroxy carboxylic acid of the amount of giant molecules, long 
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reaction time is needed. However, there is no publication that catalytic activity can be 
maintained and a reaction rate can be raised by reacting maintaining the oxidation 
state of those tin compounds at divalent. 
[0003] 

[Problem(s) to be Solved by the Invention] This invention makes it a technical problem 
to offer the manufacture approach of conquering the fault of the above-mentioned 
conventional technique, raising a rate of reaction, and obtaining the polyhydroxy 
carboxylic acids of high molecular weight by short reaction time by the direct 
dehydration condensation of hydroxycarboxylic acid. 
[0004] 

[Means for Solving the Problem] The manufacture approach of the polyhydroxy 
carboxylic acid characterized by condensing hydroxycarboxylic acid or the oligomer of 
those under un-existing [ of water ] substantially among an organic solvent this 
invention persons this invention In the approach of manufacturing a polyhydroxy 
carboxylic acid and them by the direct dehydration condensation reaction of 
hydroxycarboxylic acid When the compound of tin was used as a catalyst and it 
reacted, maintaining the oxidation state of tin at divalent, the rate of reaction was 
raised, it found out obtaining the polyhydroxy carboxylic acids of high molecular weight 
by short reaction time, and this invention was completed. 
[0005] That is, this invention is the manufacture approach of the polyhydroxy 
carboxylic acid characterized by carrying out carrying out the dehydration 
condensation reaction of hydroxycarboxylic acid or the oligomer of those in the 
reaction mixture containing an organic solvent, using a tin catalyst in the manufacture 
approach of a polyhydroxy carboxylic acid that weight average molecular weight is 
about 15.000 or more, and keeping the oxidization condition of the tin under reaction 
substantial to divalent under un-existing [ of water ]. It is the polyhydroxy carboxylic 
acid manufactured by the manufacture approach of a polyhydroxy carboxylic acid and 
this manufacture approach which are characterized by condensing hydroxycarboxylic 
acid or the oligomer of those under the nonexistence of water substantially among an 
organic solvent. 

[0006] In order to carry out maintaining the oxidation state of tin at divalent in a 
dehydration condensation reaction, it is desirable for there to be no oxygen into the 
system of reaction. For that purpose, it is necessary to deaerate the 
hydroxycarboxylic acid and the solvent of one raw material, or to depend and carry 
out bubbling to inert gas, and to perform the charge to reaction machines, such as two 
raw materials, under an inert gas ambient atmosphere, and it necessary to maintain 



the inside of the system of reaction at an inert atmosphere during 3 reactions. 
[0007] Like especially the early stages of dehydration, in the condition (for example, 
more than 0.1 wt%) that the water content of a reaction mass is high; in order that 
divalent tin may tend to oxidize, it is desirable to use means, like carrying out under an 
inert gas ambient atmosphere etc. reacts by avoiding contact to air. 
[0008] The organic solvent which can be used for the manufacture approach of this 
invention For example, toluene, a xylene, Hydrocarbon system solvents, such as a 
mesitylene, a chlorobenzene, a bromobenzene, An iodobenzene, a dichlorobenzene, 
1,1,2,2-tetrachloroethane, Halogen system solvents [, such as p-chloro toluene, ] and 

3- hexa non, an acetophenone, Ketone solvent, such as a benzophenbne, dibutyl ether, 
an anisole, A phenetole, o-dimethoxybenzene, p-dimethoxybenzene, 3-methoxy 
toluene, dibenzyl ether, benzyl phenyl ether, Thioether solvents, such as ether system 
solvents, such as methoxy naphthalene, a phenyl sulfide, and thioanisole, Ester 
solvent, such as methyl benzoate, phthalic-acid methyl, and ethyl phthalate, Alkylation 
diphenyl ether, such as diphenyl ether or 4-methylphenyl ether, 3-methylphenyl ether, 
and 3-phenoxy toluene, Or 4-BUROMO phenyl ether, 4-chloro phenyl ether, 
Halogenation diphenyl ether, such as 4-BUROMO diphenyl ether and 

4- methyl-4'-BUROMO diphenyl ether, Or 4-methoxy diphenyl ether, 
4-methoxypheny ether, Alkoxy permutation diphenyl ether, such as 3-methoxypheny 
ether and 4-methyl-4'-methoxy diphenyl ether, Or diphenyl ether system solvents, 
such as annular diphenyl ether, such as a dibenzofuran and a xanthene, are mentioned, 
and these may be mixed and used. And as a solvent, water and the thing which can 
carry out liquid separation separation are desirable, and although an ether system 
solvent, an alkyl-aryl ether system solvent, and a diphenyl ether system solvent are 
more desirable in order to obtain a polyhydroxy carboxylic acid especially with a high 
mean molecular weight, an alkyl-aryl ether system solvent and especially a diphenyl 
ether system solvent are easily desirable. 

[0009] The higher one of the boiling point of the solvent of this invention is good, and 
by reacting by whenever [ low temperature and high vacuum ] using the solvent which 
has the boiling point 180 degrees C or more preferably, it cannot be accompanied by 
the side reaction which is not desirable, but can advance dehydration efficiently. 
[0010] As for the amount of these solvents used, it is desirable that it is 10 - 80% by 
the concentration of the polymer obtained. 

[0011] In the manufacture approach of this invention, in order to make the generated 
water flow out out of the system of reaction, it is desirable to be based on the 
azeotropy of the organic solvent and water which were used. When the organic 



solvent which flowed out with azeotropy has more amounts of the water to contain 
than the solubility of the water to this organic solvent, after liquid separation removes 
water, you may return in the system of reaction, and in order to remove the water 
which dissolved in the organic solvent used further, after processing with a drying 
agent or reducing a moisture content by distillation etc., you may return to the system 
of reaction. Moreover, an organic solvent with a new moisture content low instead of 
the organic solvent which flowed out with azeotropy may be inserted in. Moreover, 
reduced pressure can remove moisture in the part which a reaction begins, and the 
moisture of a reaction mixture can also be made into a predetermined value. 
[0012] Although the average molecular weight of a polyhydroxy carboxylic acid is 
based also on the class of solvent also depending on the moisture content of the 
organic solvent inserted in the system of reaction, when a solvent has 400-500 ppm 
and a high moisture content, the average molecular weight of the polyhydroxy 
carboxylic acid obtained is 15.000-50,000. However, when a diphenyl ether system 
solvent is used also by the above-mentioned flood daily dose, it is a surprising thing 
that the polyhydroxy carboxylic acid of the mean molecular weight of 40,000-50.000 is 
obtained. Furthermore, it is desirable for the moisture content of the organic solvent 
inserted in the system of reaction to be low in order to obtain the polyhydroxy 
carboxylic acid of a high mean molecular weight, and the polyhydroxy carboxylic acid 
of mean molecular weights 50,000-Mw 200,000 can be obtained by setting the 
moisture content to insert to 50 ppm or less by processing the organic solvent which 
flowed out with azeotropy with a drying agent, removing or decreasing, and returning 
water to the system of reaction, or inserting in a new organic solvent with a low 
moisture content. 

[0013] As a drying agent used in the manufacture approach of this invention in order 
to obtain a polyhydroxy carboxylic acid with a high mean molecular weight 
Molecular-sieve 3A, molecular-sieve 4A, molecular-sieve 5A, Molecular sieves, such 
as molecular-sieve 13X, an alumina, silica gel, A calcium chloride, a calcium sulfate, 
diphosphorus pentaoxide, concentrated sulfuric acid, magnesium perchlorate, Alkali 
metal, such as metal hydrides, such as the barium oxide, a calcium oxide, a potassium 
hydroxide, a sodium hydroxide or calcium hydride, sodium hydride, and lithium hydride 
aluminum, or sodium, etc. is raised. Especially, the ease of handling and playback to 
molecular sieves are desirable. 

[0014] The reaction temperature in the manufacture approach of this invention is 
80-200 degrees C preferably in consideration of the generation rate of a polymer, and 
the generated pyrolysis rate of a polymer, and is 110-170 degrees C more preferably. 



A condensation reaction is usually performed at the outflow temperature of the 
organic solvent used for the bottom of ordinary pressure. in order to make reaction 
temperature into the desirable range, when using the organic solvent of a high-boiling 
point, you may carry out under reduced pressure, and when using the organic solvent 
of a low-boiling point, you may carry out under pressurization. 

[0015] The hydroxycarboxylic acid used for this invention is aliphatic carboxylic acid 
which has a hydroxy group in intramolecular, for example, a lactic acid, a glycolic acid, 
3-hydroxy butyric acid, 4-hydroxy butyric acid, 3-hydronalium KISHIBA relic acid, 
5-hydronalium KISHIBA relic acid, a 6-hydroxy caproic acid, etc. are mentioned. 
[0016] When it has asymmetrical carbon in intramolecular, D bodies, it may be 
independent respectively and L bodies may be D object and the mixture of L bodies, 
i.e., racemic modification. 

[0017] Moreover, other hydroxycarboxylic acid may be mixed to one 
hydroxycarboxylic acid so that mixed use of a lactic acid and the glycolic acid may be 
carried out, for example and a copolymer may be manufactured. 

[0018] As a tin catalyst used in the manufacture approach of this invention A divalent 
tin compound is mentioned. For example, tin, the first tin of fluoride, stannous chloride, 
Inorganic tin compounds, such as tin, the first tin of iodation, stannous sulfate, and the 
first tin of a phosphoric acid, Organic carboxylic-acid tin, such as the first tin of an 
acetic acid, the first tin of a propionic acid, and the first tin of 2-ethylhexanoic acid, 
Organic sulfonic-acid tin, such as the first tin of trifluoro methansulfonic acid, is 
mentioned. Organic carboxylic-acid tin, such as an inorganic tin compound of tin, the 
first tin of fluoride, stannous chloride, tin, and the first tin of iodation, the first tin of an 
acetic acid, the first tin of a propionic acid, and the first tin of 2-ethylhexanoic acid, is 
mentioned preferably. 

[0019] The amount used has 0.001 - 2 desirable % of the weight, when the 
hydroxycarboxylic acid to be used or 0.0001 - 10% of the weight of those oligomer is 
good and it considers economical efficiency. 

[0020] When it is the hydroxycarboxylic acid which the amount of the catalyst used 
uses, or less than 0.0001% of the weight of those oligomer, there is no effectiveness of 
catalyst use, and the polymer of the amount of macromolecules is not obtained. 
Moreover, also when tetravalent tin compounds, such as tin, a stannic chloride, and 
the second tin of an acetic acid, are used as a catalyst, a tetravalent tin compound 
has low catalytic activity. 

[0021] The condensation reaction of this invention can also perform consecutive 
operation or batch operation. Moreover, dehydration of a solvent and the charge of a 



solvent can also perform consecutive operation or batch operation. 
[0022] The polyhydroxy carboxylic acids of the amount of giant molecules obtained by 
the approach of this invention can perform fabricating, such as extension, a blow, and 
a vacuum forming. Therefore, the polyhydroxy carboxylic acids of the amount of giant 
molecules obtained by the approach of this invention can be used as an alternative of 
conventional general-purpose resin, such as foam and a reticulum, as a 
medical-application ingredient. 
[0023] 

[Example] Although an example is shown below, this invention is not limited to this. In 
addition, the average molecular weight (Mw) of a polymer given [ this ] in a 
specification was calculated by the comparison with a polystyrene correlation sample 
with gel permeation chromatography (the column temperature of 40 degrees C, 
chloroform solvent). 

[0024] Example 1 Dean Stark Equipment equipped with trap is used. 36.0g [ of 90% 
L-lactic acid ], and diphenyl ether 75.6g which carried out degassing processing 
beforehand, After inserting in 0.31 g (dihydrate) of stannous chloride under 
nitrogen-gas-atmosphere mind as a catalyst. The inside of a system was 
decompressed to 100mmHg(s), the temperature up was carried out to 130 degrees C 
from the room temperature over 1 hour, and heating churning was carried out, flowing 
out water out of a system by 130 degrees C / 30mmHg by 130 degrees C / 50mmHg 
continuously for 3 hours for 3 hours. Next, the moisture which performs azeotropy 
dehydration by 140 degrees C / 23mmHg for 8 hours, and carries out azeotropy to 
diphenyl ether was removed. When chelatometry and iodometric titration analyzed all 
the tin and the divalent tin after azeotropy dehydration and in a reaction mass, 
respectively, the total tin concentration in a reaction mass was 1600 ppm, and 
divalent tin concentration was 1570 ppm. Then, Dean Stark trap It removes, tubing 
with which it filled up with molecular sieves 3A and 20g is attached, and it was made 
for the solvent which flows out by reflux to return in a system again through a 
molecular sieve. The reaction was performed by 130 degrees C / 15mmHg for 30 
hours, and the polylactic acid of average-molecular-weight Mw:1 70,000 was obtained, 
methanol after adding chloroform 170gto this reaction solution 600ml — it discharged 
to inside, and suction filtration of the depositing crystal was carried out, then 
methanol swabbing and hexane washing were performed. 21. 5g (83% of yield) of 
polylactic acid was obtained after reduced pressure drying by 30 degrees C / 5mmHg. 
[0025] Except using 0.1 8g of tin as example 2 catalyst, it reacted like the example 1 
and 21. Og (81% of yield) of polylactic acid of average molecular weight 135,000 was 



obtained. Moreover, like the example 1 , when all the tin after azeotropy dehydration 
and in a reaction mass and divalent tin analysis were performed, the total tin 
concentration in a reaction mass was 1640 ppm, and divalent tin concentration was 
1 600 ppm. 

[0026] Except using the 0.32g of the first tin of an acetic acid as example 3 catalyst, it 
reacted like the example 1 and 21.7g (84% of yield) of poly lactic acid of average 
molecular weight 140,000 was obtained. Moreover, like the example 1, when all the tin 
after azeotropy dehydration and in a reaction mass and divalent tin analysis were 
performed, the total tin concentration in a reaction mass was 1580 ppm, and divalent 
tin concentration was 1560 ppm. 

[0027] Except using the 0.58g (28% of tin content) of the first tin of 2-ethylhexanoic 
acid as example 4 catalyst, it reacted like the example 1 and 20.5g (79% of yield) of 
polylactic acid of average molecular weight 120,000 was obtained. Moreover, when all 
the tin after azeotropy dehydration and in a reaction mass and divalent tin analysis 
were performed like the example 1, the total tin concentration in a reaction mass was 
1650 ppm, and divalent tin concentration was 1630 ppm. 

[0028] Did not carry out degassing processing of 90% LHactic acid of the example raw 
material of a comparison, and did not perform the charge of a raw material to the 
bottom of nitrogen-gas-atmosphere mind, but it carried out under the air ambient 
atmosphere, and also reacted like the example 1 . When all the tin after azeotropy 
dehydration and in a reaction mass and divalent tin analysis were performed, the total 
tin concentration in a reaction mass decreased in number to 1580 ppm, and divalent 
tin was decreasing in number to 520 ppm. Then, it isT)ean like an example 1. Stark 
trap is removed, tubing with which it filled up with molecular sieves 3A and 20g is 
attached, and it was made for the solvent which flows out by reflux to return in a 
system again through a molecular sieve. As for the average molecular weight of the 
polylactic acid when reacting by 130 degrees C / 15mmHg for 30 hours, as compared 
with the case of an example 1 , the rate of polymerization became slow by 90,000. The 
reaction was continued for further 30 hours and the polylactic acid of average 
molecular weight 170,000 was obtained. 
[0029] 

[Effect of the Invention] A polyhydroxy carboxylic acid useful as a biodegradability 
polymer can be obtained by short reaction time by the direct dehydration 
condensation from hydroxycarboxylic acid with this invention. Moreover, according to 
the approach of this invention, the polyhydroxy carboxylic acids which made it 
moldingses, such as a film and yarn, and had sufficient reinforcement can be obtained 



easily. 
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